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the hair placode and the late germ (peg)
stage, but instead remain oriented
radially to the skin at all stages (Deven-
port and Fuchs, 2008). Our observation
that Celsr1 mutant follicles are obliquely
orientated suggests that a secondary
orientation occurs during the early
postnatal period.
Body and leg hair-patterning defects
similar to those described here are
mimicked by inactivation of frizzled6,
an ortholog of Drosophila Frizzled gene
(Guo et al., 2004; Wang et al., 2006). In
addition, mice deficient in Celsr3 and
Frizzled3 have similar brain-wiring
anomalies. This suggests that Celsr1-
Frizzled6 and Celsr3-Frizzled3 act in
similar pathways (Tissir et al., 2005). In
flies, Frizzled controls patterning of skin
appendages, together with Fmi/Stan
and other core PCP genes such as Van
Gogh, Disheveled, and Prickle (Wang
and Nathans, 2007; Simons and Mlod-
zik, 2008). The hair-patterning pheno-
types in Celsr1 and Frizzled6 mutant
mice resemble the defects seen in Fmi/
Stan and Frizzled Drosophila mutants,
thus providing further evidence that
Frizzled and Celsr (Fmi/Stan) are key
elements of PCP-related pathways that
pattern ectodermal derivatives and are
evolutionary conserved. In the Droso-
phila wing, Frizzled localizes to the
distal side of cells, Van Gogh to the
proximal side, and Fmi/Stan to both.
This polarized distribution is thought to
affect the hair orientation by controlling
the cytoskeletal machinery responsible
for hair assembly. Similarly, in the
embryonic skin, polarization of the
Celsr1, van gogh-like 2, and Frizzled6
is found in wildtype, but not in corre-
sponding mutant mice (Devenport and
Fuchs, 2008). It will be interesting to
study the protein–protein interactions
that generate this polarized distribution.
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Figure S1. Celsr1ko/Celsr1ko mutant mice have a
looping tail (arrowhead) and open neural tube.
Figure S2. Immunocytochemical staining of skin
cryostat sections using phosphohistone-H3 anti-
body.
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TO THE EDITOR
The cognitive basis of expertise in
dermatology has received little formal
attention (Jackson, 1975). Crucial to
any such account is how experts
recognize dermatological lesions—that
is, how they attach semantics to
images. Insights into these processes
might allow improved rates of skill
acquisition and may be relevant to
attempts to use computers to diagnose
solitary skin lesions such as skin can-
cers. Although not designed to answer
fundamental cognitive questions, a
number of very different techniques
are suggested as tools or heuristics to
facilitate diagnosis. In melanoma for
instance, diagnostic strategies range
from the use of rule-based systems,
such as the ABCD system (Friedman
et al., 1985), to approaches that rely on
what might be termed a gestalt ap-
proach, such as the use of the ‘ugly
duckling’ sign (Grob and Bonerandi,Abbreviations: BCC, basal cell carcinoma; SCC, squamous cell carcinoma; SK, seborrheic keratoses
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1998). In some domains of expertise,
strategies based on ‘matching’ show
that humans are capable of classifying
objects using implicit concepts of like-
ness that allow them to search for an
image that looks like a reference image
(Murphy, 2002; Muller et al., 2004).
Informal discussions with clinicians
suggest that this matching approach—
which is sometimes referred to as
‘diagnostic-snap’—is looked upon
with great skepticism. This is in part
because there is not a one-to-one
correspondence between morphology
and diagnosis and because the range
of lesions that present clinically seems
so rich.
To pursue this question experimen-
tally, we examined whether non-ex-
perts (novices) were able to assign
images of lesions from three common
diagnostic groups (basal cell carcinoma
(BCC), squamous cell carcinoma (SCC),
and seborrheic keratoses (SK)) to the
correct group using a simple structured
computer image database. The use of
the database does not require knowl-
edge of diagnostic terms or presuppose
knowledge of the rules by which lesions
are classified, nor require the partici-
pants to know how many diagnostic
categories are being examined.
Participants were recruited opportu-
nistically from the university campus,
age range 22–52 years, and consisted of
five medical students, one law student,
and seven adults from a range of non-
medical educational backgrounds. We
refer to the participants as novices apart
from the two of the five medical
students who had completed a 2-week
dermatology attachment. Results are
presented with and without these two
students. The study was conducted in a
designated research room within the
University of Edinburgh, Department of
Dermatology. Three studies were un-
dertaken sequentially and no partici-
pant took part in any experiment more
than once, but some participants took
part in more than one experiment
(different index images were used for
each experiment—see below). Ethical
permission for collection of the images
was obtained from the Lothian Ethics
committee.
In brief, for all experiments, partici-
pants were shown a series of six index
prints of skin tumors, two from each test
diagnostic group (BCC, SCC, SK). The
images differed for each experiment.
They were asked to match each test
lesion to either a group of images from
a single diagnostic category (experi-
ments 1 and 2) or to a single image
using the database (experiment 3).
Participants were not informed of the
diagnosis of any image. The experi-
menter had no training in dermatology
and her role was to facilitate the use of
the computer database. She was in-
structed to be indifferent to the choices
of the participants, and was unaware of
how the data would be analyzed. The
experimental design is shown schema-
tically in Figure 1.
Screen 2 (1 of possible 3)
Index image
(1 of 6) Screen 1
Screen 3 (1 of possible 9)
Screen 2 (1 of possible 15)
Screen 1
Index image
(1 of 6)
Experiment 2
Screen 2 (1 of possible 3)
Screen 1
Index image
(1of 6)
Experiment 3
A B C
Experiment 1
A
A
B
B
C
C
Figure 1. Schema showing the experimental design for the three experiments. The one of six index cases
is represented by a triangle on a handheld card and the referrents for different diagnoses are shown as
variously shaded shapes. A shape is a diagnostic class (e.g. BCC, SCC, or SK) and different shades of the
same shape refer to different images of the same diagnostic class.
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EXPERIMENT 1
Eight novice participants were studied
(six female, two male). Three different
images labeled A, B, and C (one BCC,
one SCC, and one SK) were shown on
the computer screen (screen 1) and
the subject was asked which of the
three images looked most similar to the
(one of six) index prints. Depending on
their selection (A, B, or C), they were
led to a second screen (screen 2)
comprising up to 16 lesions of the same
diagnostic category (i.e. BCC, SCC, SK).
They were asked if they were happy if
the index photograph belonged to this
‘family’ of lesions (i.e. diagnostic group)
and if not, they had the option of
repeating the procedure (returning to
screen 1) freely until they made their
choice.
EXPERIMENT 2
Nine participants of whom seven were
novices were studied (five female, four
male). Again, participants were shown
one of the series of six index prints.
They were then shown a screen of 15
images with a range of diagnoses
(hemangiomas, melanoma, melanocy-
tic nevi, but three images each of
BCC, SCC, and SK) and were asked
to indicate which image looked most
similar to the index image. Depending
on their choice they were led to
one of a possible 15 screen 2s. Each
collection of screen 2 images contained
15 images as for screen 1 that con-
tained a range of diagnoses but with a
predominance of BCC, SCC, and SK.
Again, they were asked to select a
match and, depending on their choice,
were directed to one of nine further
screens (screen 3), which comprised
images from nine single diagnostic
groups, including one screen each for
BCC, SCC, or SK (and six of nine
screens for non-BCC/SCC/SK lesions).
Participants were asked to choose the
screen of images most similar to the
index case, and could return to earlier
screens freely.
EXPERIMENT 3
Seven participants of whom six were
novices took part (six female, one
male). In the first two experiments,
each ‘final’ screen was always of a
homogenous diagnostic group. This
may have made the participants more
confident that they did not need to go
back to earlier screens. To make the
task harder, in experiment 3, partici-
pants were asked to choose a single
image from a final screen with a range
of diagnoses (rather than a screen
defined by a single diagnostic cate-
gory).
Again, six images were shown one at
a time to the participants. They were
then shown screen 1 comprising 10
images of a range of diagnoses (e.g.
hemangiomas, viral warts, but includ-
ing BCC, SCC, and SK). Participants
then chose the image with the greatest
likeness and then proceeded to one of
three screen 2s. Each screen 2 con-
tained a preponderance of either SK,
BCC or SCC but also contained a range
of other diagnoses. They were then
asked to make a match with a single
lesion. They were given the option of
returning to screen 1 and repeating the
process freely until they were content
with their choice.
In all experiments, there were three
possible categories (BCC, SCC, and SK)
and the test outcome was assignment to
the correct (one of three) groups. With-
out use of the database, a ‘blind
participant’ would assign an index case
to the correct diagnostic group on one
of three occasions (given that there are
two cards from each of three cate-
gories). We therefore used a binomial
test to examine whether the results
obtained differed from P¼ 1/3 using
‘R’ software (R Development Core
Team, 2008). Our only outcome was
the number of correct scores for an
index image; how the participants
achieved this match, whether for in-
stance they flicked between screens on
more than one occasion, was not
examined.
Scores for the correct diagnosis for
the three experiments, experiment 1, 2,
and 3, were 36/48 (75%), 50/54 (93%),
and 38/42 (90%), respectively. If only
novices are considered, the respective
figures were 36/48 (75%), 39/42 (93%),
and 34/36 (94%). All these scores are
highly significant (Po106) with a large
magnitude of effect. Our numbers are
small, but the two participants with
some clinical instruction did not stand
out, nor did we observe any training
effect in those who took part in more
than one study.
There are many limitations to our
study. Our participants were an oppor-
tunistic sample and only the ability to
distinguish between three common skin
lesions was tested. We chose images
that were not meant to be classical
textbook images but were being col-
lected as part of the present and allied
projects, although this is subjective and
hard to define. Participants were guided
through the database by the experimen-
ter, and as she was not blinded, it is
impossible to exclude that she might
have unknowingly influenced the re-
sults. Nonetheless, when those with
dermatological experience are ex-
cluded, a group of individuals with
no specialist expertise were able to
assign index images to one of three
common diagnostic skin tumor groups
with a high degree of accuracy. This is
perhaps surprising, particularly so in the
light of some recent published estimates
of diagnostic accuracy (Heal et al.,
2008).
The diagnostic strategy used in the
present studies, based on matching
using ‘personal’ definitions of similarity
and where there is no attempt to
formally define likeness, has been used
in a number of other situations where
use of language-based rules is proble-
matic. It is known as content-based
image retrieval and has found uses in
some other medical and non-medical
fields (Muller et al., 2004), but has
not been applied to diagnosis in der-
matology.
Our work provides little insight into
what processes or mechanisms allow
distinctions between different cate-
gories to be made, or the nature of
visual search—these are important to-
pics for further study. We believe that to
make progress much richer (and larger),
databases will be needed which, in
turn, will require bespoke software that
obviates the need for a human experi-
menter. If databases are not to become
unwieldy (410,000 images), then the
elements of machine learning based on
user feedback or computer vision will
need to be incorporated. We think such
approaches are worthy of further re-
search.
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TO THE EDITOR
The peeling skin syndrome (PSS) is a rare
autosomal recessive group of genoder-
matoses characterized by an asympto-
matic, superficial exfoliation of the outer
epidermis, owing to a separation of the
stratum corneum from the stratum gran-
ulosum at the subcorneal level (Fox,
1921; Garcı´a et al., 2005). The onset of
the disease seems to be variable; most
patients develop their first symptoms
shortly after birth, but several cases with
onset in childhood or adulthood or after
the first pregnancy have been described
(Causeret et al., 2000).
Several types of PSS have been
described (Mevorah et al., 1987;
Traupe, 1989; Sardy et al., 2002; Judge
et al., 2004). The acral peeling skin
syndrome is a defined subtype (APSS,
MIM 609796) in which the peeling of
the skin is limited to the dorsa of the
hands and may be provoked by me-
chanical trauma or humidity (Shwayder
et al., 1997; Brusasco et al., 1998;
Hashimoto et al., 2000; Cassidy et al.,
2005). There are also cases in which
acral and generalized skin peeling
occur together (Ilknur et al., 2006).
Ultrastructural and light microscopic
studies in both the generalized and the
acral form of the disorder show the
same level of blistering in the epider-
mis, at the stratum granulosum–stratum
corneum junction.
The molecular cause of APSS was
elucidated in 2005, when Cassidy et al.
(2005) identified homozygous missense
mutations in the transglutaminase 5
gene (TGM5) in patients from two
independent Dutch and Scottish fami-
lies. In each of the six patients, they
identified two homozygous missense
mutations [p.T109M and p.G113C],
and showed by biochemical cross-
linking assays that only G113C com-
pletely abolished TGM5 activity,
whereas T109M was not found to be
pathogenic. No other groups have
confirmed these findings to date.
We report here the clinical and
genetic characteristics of two brothers
with APSS in a consanguineous
Tunisian family, in whom the diagnosis
was confirmed by ultrastructural and
histological analyses.
The first patient (P1) was a 5-year-
old Tunisian boy who presented focal
cutaneous exfoliation of the hands and
feet from the age of 3 years. The scaling
seemed to occur spontaneously, and
the patient was able to peel off sheets of
skin without pain. The symptoms were
exacerbated by elevated ambient
temperature, humidity, and friction.
The peeled areas show some residual
erythema for a few days but heal
spontaneously and without scarring
(Figure 1a). His 3-year-old brother (P2)
presented the same clinical features
(Figure 1b). The skin symptoms of both
patients were limited to the palmoplan-
tar regions and to the dorsa of the hands
and feet; the rest of the body was
normal. Our patients present the same
typical clinical features of acral PSS as
those described by Cassidy et al.
(2005), which affected predominantly
the dorsal parts of the hands and feet.
Family history included three other
affected individuals with similar clin-
ical features, but they were not avail-
able for examination and mutation
analysis. Apart from thalassemia minor
in patient 2, routine laboratory examina-
tions did not show any abnormalities.
Clinical data, pedigree information,
blood samples, and biopsies were
obtained after written informed con-
sent. DNA was extracted from periph-
eral blood leukocytes using standard
procedures. The study has been ap-
proved by the local Institutional Review
Board, and the Declaration of Helsinki
principles were respected.Abbreviations: PSS, peeling skin syndrome; TGM5, transglutaminase 5 gene
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